Purpose Although the predictive value of Böhler's angle on outcome remains subject of debate, the initial angle at the time of trauma still guides treatment. Changes in Böhler's angle during follow-up are frequently reported following surgical treatment of displaced intra-articular calcaneal fractures (DIACF). The aim of the present study was to determine the changes in Böhler's angle as a measure of secondary fracture displacement following conservative management of DIACF. Methods Thirty-eight patients with a total of 44 displaced intra-articular calcaneal fractures treated conservatively with a minimum of two lateral radiographs during follow-up were analysed. Böhler's angle at different follow-up times was measured by three observers. The change in angle was compared with the angle at trauma, and influence of trauma mechanism and common calcaneal fracture classifications were determined. Results The results showed a significant decline over time of the Böhler's angle in conservatively-treated patients of more than 11°on average at a mean follow-up of 29.2 weeks. This decrease was not related to gender, the initial angle, or the Essex-Lopresti or Sanders classification. A statistically significantly higher decrease was detected in high energetic trauma compared with low energetic trauma. Conclusion The conservative treatment of displaced intraarticular calcaneal fractures is still a viable option, yet a significant secondary displacement in time should be taken into account, as reflected in a decrease of Böhler's angle of 11°up to one year following trauma.
Introduction
The surgical treatment of displaced intra-articular fractures has gained much interest in the last few decades. However, the conservative treatment, either functional or using Plaster-of-Paris, is still the treatment of choice in specific cases. Especially in patients with a fracture with minimal or without displacement, or in case of a polytrauma patient with life-threatening concomitant injuries, or those with severely compromised soft-tissues who might fare just as well with conservative as with operative management. Certain physical or psychological patient characteristics like diabetes, peripheral vascular disease, low anticipated compliance or substance abuse may put the patient at an unacceptable increased risk of surgical complications; in those patients a conservative treatment is justified [1, 2] . Currently, approximately 40 % of displaced intra-articular calcaneal fractures are treated conservatively in the Netherlands [3] .
In the decision-making process on the best treatment strategy, the fracture characteristics that should be assessed are the articular involvement, varus/valgus malalignment, increase in width, and loss of height. The loss of height is directly derived from the Tuber angle as described by Böhler in the early 1930s [4] . Although the predictive value of Böhler's angle on outcome remains a subject of debate, the initial angle at the time of trauma still guides treatment [5, 6] . There is a considerable amount of literature on the change of Böhler's angle following surgically treated displaced intra-articular calcaneal fractures throughout the followup (Table 1) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Data on Böhler's angle in conservatively-treated fractures, however, are limited.
Therefore the aim of this study was to determine the changes in Böhler's angle of displaced intra-articular calcaneal fractures (DIACF) as a measure of secondary fracture displacement following conservative management.
Material and methods
All consecutive patients with unilateral or bilateral displaced intra-articular calcaneal fractures (DIACF) treated conservatively between 2004 and 2011 were included in this study, which was approved by the local Medical Research Ethics Committee. Patient characteristics (i.e., age, gender, and affected side), trauma mechanism, and fracture characteristics (i.e., Essex-Lopresti and Sanders classification) were collected from the electronic hospital records. The EssexLopresti classification [2] and the Sanders classification [18] were determined based on an initial CT-scan. Conventional digital lateral radiographs of the fractured calcaneus were collected. Patients for whom radiographs were present for no more than one time point were excluded. For each patient all available radiographs up to two years follow-up were collected. Böhler's angle was measured using the Picture Archiving and Communication System (iSite PACS-Philips-Philips Healthcare, Eindhoven, the Netherlands) tool for angle measurement; Böhler's tuber joint angle was measured using the highest points of the calcaneal tuberosity, the subtalar joint and the anterior process and was taken as a relative measurement of the degree of compression and deformity in calcaneal fractures [4] . The Böhler angle was measured by three observers independently. The three recordings were averaged. Any measurement discrepancy of more than 5°was settled in a consensus meeting.
Statistical analysis
Analyses were performed using SPSS (version 16.0, SPSS Inc., Chicago, IL, USA). Normality of continuous data was checked by inspecting the frequency distributions (histograms) and normal Q-Q plots. They were found not to escape the standard normal distribution and were therefore considered as parametric. Continuous variables are presented as mean with standard deviation (SD), categorical variables as numbers and percentage. Böhler's angle at trauma and follow-up as well as the change in angle and time since trauma were related to the Böhler's angle at trauma (i.e., <0°versus ≥0°) using a Student's t-test with unequal variance. Similarly, the (change in) angle was related to gender, the trauma mechanism (i.e., HET versus LET), Sanders classification (with or without a c-type fracture-line [19] (i.e., 2A, 2B, or 3AB versus 2C, 3AC, 3BC, or 4), and Essex-Lopresti classification (i.e., joint-depression versus tongue-type). Finally, multivariable linear regression models were developed with the different angles as dependent outcome and trauma mechanism, fracture class, and initial Böhler's angle as covariables. A P-value <0.05 (two-sided) was taken as threshold of statistical significance.
Results

Patient characteristics
A total of 59 patients with a displaced intra-articular calcaneus fracture were treated conservatively in the period between 2004 and 2011. Twenty-one patients were excluded because no follow-up conventional radiographs were available. Thirtyeight patients were available for analysis, of which six patients suffered fractures bilaterally (total of 44 calcaneal fractures). The mean age was 40.5 years (SD 11.3 years), and the majority of patients was male (30/38, 79 %). Fractures occurred in Fig. 1 ).
The decrease in Böhler's angle was not related to the angle at trauma, as the mean (± SD) decrease was similar in fractures with an initial Böhler above zero degrees (−13.4± 13.1°) and in fractures with an angle below or equal zero (−9.1±10.2°; p00.235). This difference was not statistically different over a comparable duration of follow-up (Fig. 2a) .
With respect to the trauma mechanism Böhler's angle decreased statistically significantly more after a HET (−15.8±13.0°) than after a LET (−8.0±10.0°; p00.040). The follow-up duration was similar in both groups (Fig. 2b) . Considering gender, the decrease in Böhler's angle in women was 14.2°± 18.2°and in male patients 10.5°±9.6°. This difference, with a similar follow-up, was not statistically different (p00.569) (Fig. 2c) .
With respect to the Essex-Lopresti classification, the mean change in Böhler's angle was similar in tongue-type fractures (−12.4±13.8°) and in joint-depression-type fractures (−10.4±10.4°; p00.596) (Fig. 3a) . No association could be detected with respect to the Sanders classification (p00.402) (Fig. 3b) .
In the multivariable model, the change in Böhler's angle was statistically significantly related to the trauma mechanism (B0−8.726; 95 % CI −15.995 to −1.457; p00.020), but not to the angle at trauma (B0−0.197; 95 % CI −0.480-0.086; p0 0.168), the Essex-Lopresti classification (B02.441; 95 % CI −4.696-9.578; p00.493) or the Sanders classification (B0 1.523; 95 % CI −7.277-10.323; p00.728).
Discussion
The results of the present investigation show a significant decline over time of the Böhler's angle in conservativelytreated patients of more than 11°on average. This decrease was not related to gender, the initial angle, Essex-Lopresti, or Sanders classification. A statistically significant difference was detected when comparing low energetic trauma with high energetic trauma. This is the first study in which the trends in Böhler's angle, in a consecutive series of conservatively-treated patients, were assessed. Only one small sample of 19 conservatively-treated patients could be identified from the literature in which an initial Tuber angle and an angle at final follow-up were presented [20] . In this study the initial angle of Böhler measured +2°(range, −10 to +20), and at follow-up −1°(range, −20 to +20). From Böhler's original paper, the Tuber angle in non fractured calcanei ranges from 25 to 40° [4] . Single digit Böhler angles are common in fractured calcaneus (Table 1) , which agrees with the findings in our study. There were no calcaneal fractures with an initial Böhler's angle of over 15°. So the results of the present study might not be translated to this subpopulation of 'minor' fractures.
The main limitation of the present study is its retrospective nature. Follow-up appointments varied between patients and follow-up radiographs were made depending upon the [9, 13] , which was significant before weight-bearing and not significant after weight-bearing in surgically treated patients [9] . The conservative treatment protocol for displaced intra-articular calcaneal fractures in our institution consisted of 10-12 weeks non weight-bearing mobilization. We can however, not account for patient compliance and lack thereof during this period and realize this to be a possible limitation of the present study, as too early weight-bearing might have a negative effect on secondary dislocation and loss of height.
Inaccuracy of measurements for Böhler's angle may be a second limitation. Inaccuracy may arise from difference in the quality of the radiographs (e.g., rotation) that occurs from suboptimal positioning in a trauma screening setting for patients with high energy trauma mechanism. This may explain the few cases in which the Böhler's angle at followup was higher than the initial angle at trauma. Little is known about the interobserver agreement in the measurement of Böhler's angle in calcaneal fractures; it is, however, high in the non-fractured population [21, 22] . Interobserver bias for the measurements of Böhler's angle was minimized as much as possible; three observers performed the measurements independently, and any discrepancies in excess of 5°w ere settled by consensus between all three observers. In summary, there is a significant decline over time of the Böhler's angle in conservatively-treated patients of more than 11°on average, especially in high energy traumas. As the conservative treatment of displaced intra-articular calcaneal fractures is still a viable option, future research on conservatively-treated calcaneal fractures should be encouraged not only to report initial Böhler's angle, but also the angle at follow-up, especially in high energetic trauma fractures. In the choice of treatment option the fate of Böhler's angle should be taken into account. Whether or not this secondary decrease has an effect on outcome needs to be subject of further investigation.
